INTRODUCTION
Human activity and changes in the way of using the areas of river valleys analysed in the spacetime scale have revealed their significant effect on the vegetation cover [Kryszak et al. 2004 In the second half of the 20 th century, the catchment area of the Czarna River was deforested and assigned for agricultural use as grassland. The valley was cut by a network of drainage ditches, which decreased the water level in the river and reduced the surface flooding leading to overdrying of hydrogenic habitats. In the 1980's, large areas of agricultural land were abandoned or crossed out from the agricultural use land register, which resulted in abandonment of mowing and using the land as pasture. The land that was still mown, used as pasture and fertilised developed stable meadow communities.
In the 1990s, further abandonment of agricultural use of the valley led to further changes in the water conditions of the habitats and in meadow communities. The above described changes are typical anthropogenic ones [Kozłowska 2002 , Piórkowski 2002 , Matysiak & Dembek 2006 , Łaska 2008 , 2009 , 2012 . In the Czarna river valley about 0.3% of the meadow communities is currently used as mown meadows, while the rest of the land has been abandoned. The aim of the study was to evaluate the current status of plant communities in the wetland habitats in the Czarna river valley and to suggest directions of their further changes on the basis of detail space-time analysis. The problem is important as the Czarna river valley is in the area protected under Natura 2000 (Knyszyńska Refuge), introduced to maintain the spontaneous ecological processes, stability of biotopes and preservation of their biological diversity [Kotowski 2002 ]. The valorisation of the Czarna river valley nature is the basis for determination of the range of its protection and defining the rules of rational use of the available resources in consistence with the predispositions of meadow ecosystems for certain functions in the landscape [Myśliwy 2010 [Myśliwy , Łaska 2011 .
MATERIAL AND METHODS
The study was performed in the NE Poland, Knyszyńska Forest, near the village of Ruda Rzeczka, in the upper section of the Czarna river, at about 1 km from its spring. The evaluation of the current status and directions of changes in plant communities in the area studied was performed on the basis of the analysis of 4 sheets of topographic maps, including 2 sheets in the scale 1:25000 "Supraśl" (245.22) and "Sochonie" (245.21) and 2 sheets in the scale 1:10000 "Ożynnik" (245.221) and "Wólka Ratowiecka" (245.212), a topographic map in the scale 1:5000 from the Geoportal [www. geoportal.gov.pl]. The analysis of space-time structure of the landscape of the Czarna river valley, taking into account the changes in the forms of land use, was based on the aerial photographs from 1966 in the scale 1:18000 and from 1982 in the scale 1:25000 [ [2002] , and nomenclature of bryophytes -after Ochyra et al. [2003] .
Plant communities were identified on the basis of the method of numerical syntaxonomy [MVSP ver. 3.2], taking into account the hierarchic cluster classification (Cluster Analysis) and methods of indirect ordination PCA (Principal Components Analysis). The classification algorithms used employed the agglomeration methods based on analysis of the matrix of similarity coefficients. The floristic similarity between the releves was expressed in the percentage scale (Percent Similarity). The clustering was based on the unweighted pair group method with arithmetic mean (UPGMA), the hierarchic classification of communities was presented in a form of a dendrogram. In the principal components analysis, based on the covariance matrix, the variable parameters were the data on species composition of particular plant communities whose centring was made (Centre data), in which each species is weighted according to its variance. The valorisation of the vegetation cover in the Czarna river valley was made assuming the rules developed for valorisation of the nature of wetlands and hydrogenic habitats by Oświt [2000] .
Changes in the vegetation cover in the Czarna river valley over the years 1966-2011 were analysed on the basis of the program GIS (Geomedia Professional ver. 6.1), employing the method of cho-ropleth map of basic area of 400 m 2 (20×20 m). The map of plant communities and sites of protected plant species in the Czarna river valley near the village Ruda Rzeczka, was made in the scale of 1:800 on the basis of the fundamental map in the scale 1:5000 [PODGiK, Białystok].
RESULTS
In the floristic diversity of the Czarna river valley near the village of Ruda Rzeczka 12 plant communities were identified representing six phytosociological classes (Figure 1 ). Syntaxonomy of the particular plant syntaxons is according with Matuszkiewicz [2001] as it follows: (Figure 1 ).
Numerical syntaxonomy of plant communities
The results of numerical classification confirmed the field identification of syntaxons which are divided into two main groups of forest and non-forest communities, depending on the fertility of habitats, their moisture content, structure and species composition (Figure 2 ). The first group of forest communities (1 -releves 65-72) comprises two valuable forest communities (1a and 1b) mentioned in the Enclosure I to the Habitats Directive 92/43/EEC. These are two types of riparian forests: lowland Fraxino-Alnetum W.Mat. 1952 (code no. 91E0-3) and PiceoAlnetum Sokoł. 1980 representing the north-east form (code no. 91E0-3). In the Czarna river valley, both these associations prefer hydrogenic soil and occupy humus sands and deposited alluvium of the valley bottoms. The group of nonforest communities (2) includes the non-forest communities, rush and sedge communities from the class Phramitetea and meadow communities from the class Molinio-Arrhenatheretea. They are divided into three subgroups (Figure 2) . The sub-group 2a -represents the sedge rushes Caricetum acutiformis (releves 27-38), which differ from the other associations from the Phragmitetea class by the domination of Carex acutiformis. The subgroup 2b -represents the sedge rushes Caricetum appropinquatae (releves 51-56) and reedy rushes Phragmitetum australis (releves 39-50), growing in close vicinity of the Czarna river bed. The principal components analysis, PCA, revealed the differentiation of the plant patches according to the moisture content of habitats, structure and species composition of the communities studied ( Figure 3) . The eigenvalues for the first and second axes of PCA reach 32.6% and 26.1%, with the first axis explaining 25.8%, while the second axis explaining 20.7% of the changes in the plant communities studied. In the upper part of the plot (cluster 2) on the first axis the highest values reach the rush communities (0.911) and sedge communities (0.711) from the class Phragmitetea. The environmental gradient represented by the first axis is interpreted as the gradient of moisture content of habitats, as the associations Phragimitetum australis, Caricetum acutiformis and Caricetum appropinquata (cluster 2) occur in the closest vicinity to the river bed. The cluster localised on the right hand side of the plot (cluster 1) reaches the highest values on the second axis (up to 0.886) and represents the meadow communities from the class Molinio-Arrhenatheretea, the cluster 3, on the left hand side of the plot reaches the values from -1.115 to -2.009 and represents forest communities Fraxino-Alnetum and PiceoAlnetum (Figure 3) . The environmental gradient represented by the second axis points to a significant inner differentiation of the plant patches studied, dependent on the structures of associations and their floral composition.
Evaluation of the present state of plant communities of the Czarna river valley
According to the data collected, in the Czarna river valley forest communities occupy larger area (54%) than non-forest communities (45.5%) and thickets communities (0.5%) ( Table 1 ). The forest communities comprised lowland riparian forest communities Fraxino-Alnetum and PiceoAlnetum (33.6%), with increasing distance from the river bed changing to oak-hornbeam communities Tilio-Carpinetum (14.4%), clear-cutting tree stands (4.7%) and artificial infield forestation and young growth with Betula pendula (1.3%).
Non-forest communities (45.5%) developed mainly in the areas left after deforestation performed in the past in the valley, at present make stable grasslands intensely used as mown meadows Angelico-Cirsietum oleracei (0.3%), land of agricultural use, arable land sown with oat, barley and rye (11.7%) and idle land (1.3%). Other nonforest communities met at present in the area of the Czarna river valley include abandoned meadows that have been transformed in the secondary succession into post-meadows herbs Lysimachio Table 1) . Other abandoned meadows are overgrown with Deschampsia caespitosa and Scirpus sylvaticus and represent the meadows with Deschampsia caespitosa (0.3%) and Scirpetum silvatici (0.1%). The other area in close vicinity to the Czarna river bed is occupied by sedges Caricetum acutiformis (6.1%) and Caricetum appropinquatae (0.4%). The strongest anthropogenically transformed areas are those occupied by human dwellings, they are occupied by synanthropic communities with ruderal vegetation (3.6%).
Valorisation of the plant communities in the Czarna river valley
Valorisation of the nature has shown that the plant patches studied represent moderate (Bclasses IV-VI) or low (A -classes I and III) natural values ( Table 2) . Moderately high natural values (class VI) were assessed to the sedge rushes Caricetum appropinquatae, which occupies wet and periodically flooded habitats, in close vicinity of or directly at the river bed. Moderately average natural value (class V) was assigned to rush communities Phragmitetum australis, occupying sites in direct neighbourhood of the river bed and drained and secondary silt-covered peat earth formations.
Four plant communities were assessed as reaching moderate natural values (class IV) ( Table 2) ; post-meadows herbs Lysimachio-Filipenduletum, wet meadows Scirpetum silvatici, wet meadows under extensive use AngelicoCirsietum oleracei and sedge rushes Caricetum acutiformis, occupying the wet and periodically flooded habitats as well as wet and periodically drying habitats. Small natural value (class III) was assigned to the wet meadow with Deschampsia caespitosa, and very small natural value (class I) was assigned to riparian forests Fraxino-Alnetum and Piceo-Alnetum, growing in wet habitats on previously deforested fragments of the Czarna river valley.
DISCUSSION AND CONCLUSIONS
The space-time analysis of the Czarna river valley landscape structure, conducted with the consideration for the changes in the mode of land use over the years 1966-2011, has shown that the area occupied by forest in wet habitats has increased as a result of secondary succession by 0.16 km , which means by 27% with respect to the area of 0.4406 km 2 taken by the forest in 1966 (Figure 4) . The changes are a result of anthropogenic activity related to the changes in the mode of land use (abandonment of mowing) and in water conditions (drainage) [Dembek 2002 ]. The abandonment of land use leads to the development of post-meadow herbs followed by the appearance of willow thickets and riparian asso- [Łaska 2008, 2009, 2012] . The area taken by the post-meadow communities increases also as a result of the conducive effect of the network of drainage ditches built on both sides of the Czarna river valley. As a result of overdrying of wetland habitats and initiation of processes of recreative secondary succession, the contributions of willow and alder shrubs and trees from the class of Alnetea glutinosae (0.54%) increase at the expense of the area taken by grassland. It is a result of the abandonment of mowing and unfavourable hydrological conditions and leads to a gradual transformation of the spontaneous willows scrub communities into riparian communities in the process of secondary succession [Szewczyk 2004 ]. Chronological changes in the structure of vegetation in the area studied evaluated on the basis of GIS and digital methods indicate that in the wet meadows unmowed for many years, the recreative secondary succession leads to reproduction of the potential forest vegetation that grew in the Czarna river valley in the past.
